This paper investigates the problem of peak-toaverage power ratio (PAPR) 
I. INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) technique has received a lot of interest especially in the field of wideband wireless communications. This is because it provides efficient usage of spectral bandwidth for the solution of multipath fading problem. The rapid advances in digital signal processing technology supports the development of practical OFDM systems over the last decade. Accordingly, the OFDM system has been adopted as a standard transmission technique in terrestrial broadcasting systems, and in the wireless LAN systems [1] [2] [3] .
However, OFDM suffers from a high peak-toaverage power ratio (PAPR) compared to single-carrier communications systems [2, 3] . The PAPR problem has gained a lot of attention because it might offset all the potential benefits of the OFDM system, and consequently becomes a major barrier against widespread acceptance of OFDM systems [3] .
High PAPR could lead to hard clipping. Clipping causes signal distortion which acts as in-band burst noise and out-of-band radiation. In-band noise might degrade system BER performance, while out-of-band radiation decreases spectral efficiency [4, 5] . These drawbacks have motivated researchers to develop PAPR reduction techniques and many techniques have been proposed. The proposed techniques can be classified into three main categories according to the domain of work: data, frequency, and time domain.
Signal processing in the frequency domain for PAPR reduction do not produces out-of-band radiation at the OFDM output. The proposed techniques using this domain are generally based on re-forming the constellation shape for the PAPR reduction task. The reformation of constellation shape for PAPR reduction has been achieved by different techniques. The most important ones are: Active constellation extension (ACE), selected mapping (SLM), and dummy signals insertion (DSI) techniques. ACE and SLM techniques change the locations of the data constellation points, while DSI uses insertion of external non-data holding signals to perform new constellation layout. ACE technique suggests dragging of the point(s) located on the border toward outside [6] , while in the SLM technique the constellation points are moved by multiplying them with different sets of phase factors [7] . All of these techniques do not have closed form solution for exact estimation of reduction in PAPR of the OFDM symbol. This is because the signal processing is done in the frequency domain and before the IFFT operation. Therefore, the main feature of them is iterative and based on trial-and-error in searching for the minimum PAPR. However, the continuous advances in processing speed and with moderate block size, the searching task should not be a big problem for different OFDM applications. In the ACE and SLM techniques, there is a need to send side information to recover the original information at the receiver side. Side information do not decrease the data bit rate significantly, but they need high degree of protection against noise effect. In the DSI techniques, the original constellation points do not leave their positions, but instead the constellation shape is changed by distributing the inserted signals between them; there is no need to send side information, and the BER performance does not degrade since the data points keep their locations [8] . But on the other side, the reduction of PAPR is achieved on a cost of large decrease in data bit rate.
In this paper we propose a new PAPR reduction method based on an addition of the power of random signals in a complex Gaussian distribution form to the data modulated symbols (constellation points) in frequency domain of the OFDM system. The power of the random signals re-forms the constellation shape by shifting the constellation points from their original positions into new positions. This change in shape is accompanied by changes in the statistical properties and consequently reduction in the PAPR value. This scheme reduces the PAPR value without degradation in the BER performance. The random signals are predefined in both transmitter and receiver sides, which simplifies the addition and subtraction of these signals without having to send side information or to spend time searching for the optimum solution.
This paper is organized as follows: first we briefly review the OFDM signals at different transmitter stages, and the definition of PAPR. Then particular description to the proposed addition of Gaussian random signals PAPR reduction method is given. To confirm the effectiveness of the proposed method, computer simulations have been performed and their results are discussed, followed by conclusions.
II. CONVENTIONAL OFDM AND PAPR
In OFDM systems, a fixed number of successive input data samples are modulated first as in the singlecarrier systems, and then jointly correlated together by use of IFFT at the transmitter side. IFFT processes signals to produce orthogonal data sub-carriers. Mathematically, IFFT combines all the input signals to produce each one of the output symbols. This is understood from the OFDM production equation. The time domain complex OFDM symbol is given as
Where x n is the IFFT output signal, N is the number of sub-carriers, and X k is the IFFT input signal.
The signal processing by IFFT in the OFDM transmitter changes the statistical distribution of signals from uniform-to-Gaussian. Therefore, the dynamic range of the OFDM output envelope is most often higher than that of the single-carrier systems. However, PAPR is widely used to evaluate the dynamic range of the output envelope. The PAPR (in dB) is defined by the following equation [3] 
III. THE PROPOSED PAPR REDUCTION METHOD
The proposed PAPR reduction method is based on reformation of the constellation shape in the frequency domain to reduce the PAPR value at the OFDM output. Intuitively, the PAPR can be reduced if the new constellation shape is identical or close to the constellation shape produced from the application of pre-FFT operation on the data modulated symbols. However, this objective is achieved in this work by addition of complex Gaussian random signals to the data sub-carriers in the frequency domain. The addition process is in contrast to the Fourier transform when applied on the frequency domain symbols will not break down the orthogonality of the data sub-carriers. This is because the addition process does not jointly correlate the original data. The proposed baseband OFDM transceiver with system functions and impairments is illustrated in Fig 1. The addition of random signals is performed in the frequency domain of the conventional OFDM system. The signal symbols in this domain are in a complex form due to the effect of the modulation process (QAM or PSK); therefore the random signals are generated in a complex form too to achieve reformation action of the original constellation shape. The power of the random signal R P can be chosen in two ways; either by pre-defining a constant value to be used for all OFDM frames, and in this case there is no need to transmit side information to the receiver to recover the original data; or by trying different R P values with every individual OFDM frames to produce a fixed PAPR value. In the last case, the optimum value of R P can be obtained by putting on iterative time-frequency swapping loop. The loop should start from a small value of R P then increase it in steps gradually till the accepted value (equal or less) of the PAPR is achieved. The maximum number of loops is determined by the processing time constraint of the system application. The variance value 2 R σ associated to the optimum R P should be coded with higher error protection, and then sent to the receiver as side information to be used for original data recovery.
At the receiver side, the random signals R are regenerated according to the pre-defined value of R P , or to the side information, to be subsequently discarded from the received signals by subtraction. This is done after FFT stage and before performing the demodulation operation R S X − =~ (6) Where S and X are the Fourier transform of the received signals and of the recovered data sub-carriers vectors at the receiver, respectively.
IV. SIMULATION RESULTS
In this work, computer simulation is implemented to evaluate the performance of the proposed method. In our simulation, we assume an OFDM system with N=128 sub-carriers, and a 64-PSK modulation scheme.
The addition of random signals changes both the average and peak power values of the OFDM symbols. For arbitrary one data frame, simulation showed that for power ratio SPR=5 dB the average power has changed from 8.9 dBm to 16.1 dBm, while for peak power the change is less from 17.8 dBm to 23 dBm. This led to 2.1 dB reduction in the PAPR value for that data frame.
However, the value of PAPR does not provide complete estimation about the impact of the problem of wide dynamic range of the OFDM output power signals. This is due to the dependent of the PAPR on the data frame contents. Therefore, complementary cumulative distribution function (CCDF) is used as an extra tool to present PAPR range and its weight distribution for a group of OFDM frames. It is useful to evaluate the symbol clip probability for different levels of clipping thresholds. It is computed as follows CCDF (PAPR(x)) = Prob (PAPR(x)> γ)
Fig . 2 shows the CCDF of both conventional OFDM system and those after addition of Gaussian distributed random signals by using different power values (SPR=5, 10, and 20 dB). The statistical parameters of the added random signals are pre-defined in transmitter and receiver sides, and set in this test to zero ( R μ =0) and one ( 2 R σ =1), respectively. As could be seen, the performance is dependent on the power of the added signals. Higher degree of reduction in PAPR is achieved when the added signals power is 5 dB greater than the data modulated power in the frequency domain. However, the amount of improvement decreases with each extra 5 dB of power added. The curves also show that maximum reduction in PAPR value of slightly >4dB was achieved by the proposed method for the OFDM system parameters of 128 data samples and 64-PSK modulation. Also, when SPR=20 dB the CCDF curve tends to be vertical, which means that the variation in PAPR between different OFDM frames becomes very small. This provides steadiness in PAPR which reflected directly on the design simplicity of both D/A converter and HPA amplifier. The influence of the constellation shape reformation on the BER performance of the OFDM system is also considered. An additive white Gaussian noise (AWGN) channel with a wide range of signal-to-noise ratio (SNR) was used in this simulation. A batch of 10 5 random samples (as input data) was first generated and processed by the proposed method to produce OFDM symbols. The test used the same parameters as those employed in producing the CCDF curves of Fig. 2 . Then complex form of random Gaussian signals, as noise signals, were generated of different SNRs and added individually to the OFDM symbols for testing BER performance of both conventional and proposed OFDM systems. Fig. 3 shows the BER performance as a function of the received E b /N o ratios; it shows that the error performance of the proposed method is equal to that of conventional OFDM system. This result was achieved, as could be seen from the obtained curves, for different SPRs of the added random signals. It can be attributed to the ability of complete removal of the added signals before performing the demodulation process. The discard of the added signals cancel their effect on the signal errors.
V. CONCLUSIONS
A new PAPR reduction method for the OFDM system by reforming the constellation shape in the frequency domain has been proposed and investigated. This was achieved by addition of power of random signals in a complex Gaussian distribution form to the data modulated symbols in the frequency domain of the conventional OFDM system. This process changes both the statistical properties in the frequency domain and the power values, average and peak, of the output OFDM symbols leading to reduction in the PAPR value.
The reduction in PAPR can be achieved without need to send side information. The proposed method is suitable for OFDM applications that are sensitive to spectral efficiency and noise, since it allows reduction in PAPR value with no out-of-band radiation and no degradation of BER performance. For 64-PSK OFDM system uses 128 data sub-carriers, >4dB reduction in PAPR value was achieved.
